The study is conducted at the experimental base of Department of Plant production at Trakia University, Stara Zagora. Triticale is grown after five predecessors and different nitrogen fertilization rates. The predecessors are wintering peas, spring peas, sunflower, common wheat and triticale. Nitrogen fertilization rates are 0 (N 0 ), 40 (N 40 ), 80 (N 80 ), 120 (N 120 ) kg ha -1 after legumes and 0 (N 0 ), 60 (N 60 ), 120 (N 120 ), 180 (N 180 ) kg ha -1 after the other predecessors. The influence of the predecessors and nitrogen fertilization on the nitrogen uptake, assimilated nitrogen from fertilization, nitrogen utilization and nitrogen required for 100 kg produce of triticale is established. Nitrogen assimilation from fertilization increases with the increase of the nitrogen fertilizer rates. With the obtained yield from triticale an average of 96.53 kg ha -1 N is extracted from the soil with the grain, 18.97 kg ha -1 N with the straw or a total of 115.50 kg ha -1 N. When growing triticale after leguminous predecessors the utilization of nitrogen is 35.39% and after predecessors sunflower, wheat and triticale -28.76%. Nitrogen required for 100 kg yield of grain of triticale is 1.9 kg of nitrogen when growing after legume predecessors and 2.8 kg of nitrogen after the other predecessors.
INTRODUCTION
The influence of optimized nitrogen fertilization on productivity and quality of triticale has been found by many researchers (Kolev et al., 2011; Kirchev et al., 2012; Kirchev et al., 2014; Gerdzhikova, 2014; Madic et al., 2015) . According to Papastylianon et al., 1981; Badaruddin and Meyer, 1994; Gibson et al., 2007 , the increase in nitrogen levels leads to an increase of nitrogen content in the triticale grain, but changes in protein content are greater under the influence of the predecessor than fertilizer norms. In addition to the nitrogen, imported with fertilization, triticale also absorbs soil nitrogen from the predecessors . Triticale has the greater ability to accumulate nitrogen compared to wheat (Paponov et al., 1999) . Effective use of nitrogen is an important indicator of the environmental impact on the production of triticale and other energy crops (Lewandowski and Schmidt, 2006) . The aim of this study is to determine the impact of predecessors and nitrogen fertilization on the nitrogen uptake, assimilated nitrogen from fertilization, utilization of nitrogen and fertilizer consumption (nitrogen required for 100 kg of produce).
MATERIALS AND METHODS
The survey is conducted in the area of the town Stara Zagora, located in the region of South Central Bulgaria. The study is carried out with Triticale Rogen variety. Cultivation is performed according to the conventional technology of cropping. The soils are Gleic Chromic Luvisols, neutral, and well reserved with K 2 O, moderate with P 2 O 5 and low with Nitrogen. Triticale is grown after 5 predecessors: Wintering peas (Pisum arvense L.), Spring peas (Pisum sativum L.), Sunflower (Helianthus annuus L.), Wheat (Tristicum aestivum L.) and Triticale (× Triticosecale Wittm.). Four levels of nitrogen fertilization are applied according to the predecessors as follows: 0 (N 0 ), 40 (N 40 ), 80 (N 80 ), 120 (N 120 ) kg ha -1 after legumes and 0 (N 0 ), 60 (N 60 ), 120 (N 120 ), 180 (N 180 ) kg ha -1 after the other predecessors. The data used in the present study are for the period 2010-2012 -a part of a multi-year experience with triticale. Different metrics are calculated using the following formulas: NU = Y*NC/1000 ANF = NU fertilized variant -NU non-fertilized variant UN = ANF/NR% FC = NR/Y*100 NU -nitrogen uptake, Y -yield (grain, straw), NC -nitrogen content, ANFassimilated nitrogen from fertilization, UN -utilization of nitrogen, NR -nitrogen fertilizer rate, FC -fertilizer consumption.
RESULTS AND DISCUSSION
Nitrogen content in grain and straw dry matter of triticale Higher nitrogen content in the grain dry matter of triticale viewed by predecessors, is obtained after predecessor sunflower, average for the period -24.14 g in 1000 g dry matter (DM) and lower after spring peas -21.07 g in 1000 g DM. On average, for the three-year period after legume predecessors nitrogen content is lower by 3.71% in the non-fertilized variant compared to cereals and sunflower (Table 1) . Nitrogen fertilization leads to increase in the nitrogen content in the DM of triticale grain. The highest values are obtained at fertilizer rate of 180 kg ha -1 , applied after non-leguminous predecessors. Nitrogen in the fertilized variants is 9% more than non-fertilized ones on average for the trial period. According to Papastylianon et al. (1981) ; Badaruddin and Meyer (1994) ; Gibson et al. (2007) , the percentage of nitrogen content in triticale grain increases by increasing nitrogen rates. Higher nitrogen content after cereals and sunflower compared to leguminous predecessors and with an increase in the applied nitrogen fertilizer rates is also found in triticale straw. On average, for the trial period nitrogen content in grain DM of triticale is 371.82% higher than nitrogen content in straw DM. Nitrogen uptake with grain+straw yield of triticale To form a unit of produce plants export from the soil various macro-and trace elements. From the macroelements, nitrogen is important. On average, for the trial period after leguminous predecessors of the non-fertilized variants, nitrogen uptake is 68.14 kg ha -1 , and after cereals and sunflower 69.43 kg ha -1 -by 1.86% more (Table 1 ). Introducing increasing rates of nitrogen fertilizer results in increase nitrogen uptake from the soil with grain yield of triticale after all predecessors. After leguminous predecessors, on average for the period export compared to the non-fertilized variant increased by 11.73%, 37.91% and 52.45%, respectively, with mineral nitrogen rates 40, 80 and 120 kg ha -1
. On average, after cereals and sunflower, nitrogen uptake is higher than after legumes and increased by 19,18%, 45,95% and 66,95%, respectively, compared to the non-fertilized variant with fertilization at 60, 120 and 180 kg ha -1 of nitrogen, respectively. On average for the study period, nitrogen uptake, average from all fertilized variants is 40.06% higher than the average of the non-fertilized variants. Nitrogen uptakes with triticale straw on average, for the three-year period, ranged from 11.41 kg ha -1 in the nonfertilized variant to 22.49 kg ha -1 for N 120 after leguminous predecessors and from 15.04 kg ha -1 to 23.27 for N 180 after cereals and sunflower. When comparing nitrogen-free variants between the two groups of predecessors, nitrogen uptake is 24.14% lower after leguminous. After all predecessors export increases by increasing nitrogen fertilization rates. The average value of all non-fertilized variants ix exceeded by that of the fertilized ones by 39.59% on average for the trial period. The amount of nitrogen extracted with grain+straw of triticale in plants fertilized with the highest nitrogen fertilization rate of 180 kg ha -1 on average after cereals and sunflower reached 139.25 kg ha-1 and exceeded nitrogen uptake of the non-fertilized variant by 64.87%. N60 and N120 fertilization increases nitrogen uptake compared to the non-fertilized variant by 19.66% and 40.00%, respectively. After leguminous predecessors, nitrogen uptake is lower, both in the nonfertilization variant and the respective fertilization rates compared to nonleguminous predecessors. Here again nitrogen uptake increases with the increase of the nitrogen fertilization rate with biggest amount of nutrients with the main and additional produce being exported as a result of the highest rate of N120 -126.37 kg ha-1 exceeding export in the non-fertilized variant by 58.86%. At fertilization rates of N40 and N80 this increase is 13.74% and 40.04%, respectively, compared to N0. 
Assimilated nitrogen from fertilization, exported by grain+straw yield of triticale:
During the first year of the trial higher assimilation of the exported nitrogen from triticale with the grain+straw yield in the fertilized variants is established on average after predecessors wintering and spring peas -37.71 kg ha -1 on average of the three fertilization rates (Table 2 ). In the second and third year assimilated nitrogen from fertilization is more on average after non-leguminous predecessors by 31.74% and 23.01%, respectively. On average, for the years of the trial, assimilated nitrogen from fertilization is 14.83% more after cereals and sunflower. Assimilated nitrogen from fertilization increases with increasing the fertilization rates. , respectively, at N 60 , N 120 and N 180 , respectively, on average for the trial period. On average, from the three fertilization rates nitrogen assimilated from fertilization ranges from 28.29 kg ha -1 after wintering peas to 36.59 kg ha -1 after wheat on average for the three-year period. Utilization of nitrogen: Nitrogen utilization rate depends on the nitrogen assimilated from fertilization. In the first year it ranged from 19.27% after triticale to 50.46% after wintering peas (Table 2) . On average, after legumes, the utilization rate of nitrogen is 45.00% and is 63.58% higher compared to the average after the cereal predecessors and the sunflower. In the second year, nitrogen has a slightly higher utilization rate after the group of the non-leguminous predecessors. In the last year, as in 2010, the nitrogen utilization rate is the highest after spring and wintering peas. This tendency is maintained and is on average for the three-year trial period -35.44% after spring peas and 35.33% after wintering peas and is the lowest after triticale -26.69%. On average, during the study period, nitrogen utilized from fertilization is 31.41% on average from all fertilization rates after the five predecessors. It is the highest after legumes at fertilization with 80 kg ha -1 nitrogen -39.82%. Of the three fertilization rates on average after legumes, nitrogen utilization 23.05% higher compared to the average after cereal predecessors and sunflower. Fertilizer consumption (nitrogen required for 100 kg of produce): The nitrogen required for 100 kg of triticale produce does not differ significantly during the three years of the trial. Lower values were obtained in the first year, and higher -in the last one. Viewed by predecessors, fertilizer consumption is lower after both peas and higher after nonleguminous predecessors -sunflower, wheat and triticale. For the formation of 100 kg of triticale produce after wintering and spring peas and fertilization rate of 40 kg ha -1 , between 1,1 and 1,2 kg of nitrogen are needed and at rates of 80 and 120 kg ha -1 -from 1,8 to 2,1 kg, and from 2.5 to 2.8 kg nitrogen, respectively. On average, for the threeyear trial period after leguminous predecessors 1.1 kg of nitrogen is required at fertilization rate of 40 kg ha -1 (Table 3) . With increase of nitrogen rates, the amount of nitrogen required to obtain 100 kg of produce is also increased: 1.9 kg and 2.6 kg, respectively, for fertilization with 80 and 120 kg ha -1 nitrogen on average for the period. After cereal predecessors and sunflower to obtain a yield of 100 kg produce, 1.7; 2.8 and 3.8 kg of nitrogen are required with fertilization with 60, 120 and 180 kg ha -1 nitrogen, respectively, on average during the trial period. The highest is fertilizer consumption at nitrogen fertilization rate of 180 kg ha -1 in 2012, when 4.0 kg of nitrogen was needed after cereal precursors and sunflower to form 100 kg of triticale produce. On average, for the period for all fertilization rates after leguminous predecessors to produce 100 kg of triticale yield, 1.9 kg of nitrogen is needed -31.3% less than 2.8 kg of nitrogen after the other predecessors.These results confirm the positive effect of leguminous predecessors on soil fertility and its nitrogen enrichment through nitrogen fixation and determine their role on the productivity of the subsequent crops in the crop rotation. 
CONCLUSIONS
For the production of 100 kg grain yield, an average of 1.9 kg nitrogen is needed for growing triticale after a leguminous predecessor and 2.8 kg nitrogen for growing after sunflower, wheat and triticale. After leguminous predecessors, nitrogen fertilizer consumption is 31.3% less compared to cultivation after other predecessors. With the obtained yield from triticale an average of 96.53 kg ha -1 N is extracted from the soil with the grain, 18.97 kg ha -1 N with the straw or a total of 115.50 kg ha -1 N (average for fertilization cultivation). The difference in the amount of nitrogen extracted from the soil in triticale cultivation without fertilization and with fertilization is 40% on average. When growing triticale after leguminous predecessors the utilization of nitrogen is 35.39% on average, and after the predecessors sunflower, wheat and triticale -28.76%. After leguminous predecessors the utilization rate of nitrogen is 18.7% better.
